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(54) Toner for electrophotography 

(57) A toner for electrophotography comprising a 
resin binder comprising as Its main components (a) a 
crystalline polyester having a softening point of from 85' 
to 150"C, obtainable by polycondensing an alcohol 
component which comprises 80% by mol or more of an 
aliphatic diol having 2 to 6 carbon atoms and a cariDox- 
ylic acid component which comprises 80% by mol or 



more of fumaric acid; and (b) an amorphous polyester 
and/or an amorphous polyester-polyamide, obtainable 
by polycondensing monomers comprising 50% by 
weight or more of an aromatic compound, wherein a 
weight ratio of the crystalline polyester to the amorphous 
polyester and/or the amorphous polyester-polyamide, i. 
e. crystalline polyester/(amorphous polyester and/or 
amorphous polyester-polyamide), is from 1/99 to 50/50. 
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Description 

[0001 J The present invention relates to a tonerfor electrophotography used for developing lectrostatic latent imaaes 
fomied in electrophotography, electrostatic recording method, electrostatic printing, and the Wke 
[0002] in the heat roller fixing method widely employed as a fixing method for a toner image, the method is exc llent 
in that fixed images having excellent fastness can be obtained at a faster speed, as compared to other fixing methods 
and that energy efficiency is high and little harm is caused to the environment by evaporation of a solvent or the lil<e' 
However, there arises a defect that the offset phenomenon tends to be generated since the toner image is in direct 
contact with a fixing roller or belt. ^ 

'°?*ulu °" viewpoint of energy-saving, there have been desired that a waiting time until 

which the temperature of the fixing device reaches an operable temperature is shortened, and that a toner is fixed at 
a lower temperature. Therefore, various methods have been tried, including a method of lowering a glass transition 
point of a resin binder or the like, a method of increasing low-molecular weight components, or a method using a 

« StoSge^NntheJXr^^^^^ 

[0004] Therefore, as a method for lowering a fixing temperature, there has been l<nown a toner comprising a orys- 
ta line polyester as a resin binder. For instance, Japanese Examined Patent Publication No. Sho 62-39428 discloses 
a toner comprising a resin binder comprising, a crystalline polyester made from an aromatic polycarboxylic acid com- 
ponent as an acid component, the aromatic polycarboxylic acid component being contained in an amount of 50% by 
^ont K ' . ^" polyester made from an aromatic polycarboxylic acid component as an acid compo- 

nent, he aromatic polycarboxylic acid component being contained in an amount of 60% by mol or more However 
wJ!n Ih^hIh ^"'^ polyesters is the same, these resins undesirably become compatible to each othe; 

m^ttpilfS ? HH^-^ , preparation, so that the glass transition point of the crystalline polyester cannot be 
maintained. In addition. Japanese Examined Patent Publication No. Hei 5-442032 discloses a toner comprising a 
crys alline polyester having a softening point of from 50- to 1 00«C. and a crystalline potyester having a high softenhiq 
point. However, when the basic structure of the both polyesters is the same, the softening point of ?he polyester at a 
mnoir?:^ l"""' "'''^ ""^^ mal-affects to pulverizabilrty and storage stability for the same reasons as above 
[0005] The object of the present invention is to provide a toner for electrophotography which is excellent all of the 
^w-temperature fixing ability the offset resistance, the blocking resistance, and the pulverizabillty. and capaS e o1 
maintaining a high level of tnboelectric charges for a long period of time, without causing contamination of the photo- 
conductor. 

[0006] This object has been achieved by the surprising finding of a toner for electrophotography comprising a resin 
binder comprising as its main components: any ompnsmg a resin 

(a) a crystalline polyester having a softening point of from 85» to 1 50»C, obtainable by polycondensing an alcohol 
component which comprises 80% by mol or more of an aliphatic diol having 2 to 6 carbon atoms and a carboxylte 
acid component which comprises 80% by mol or more of fumaric acid; and 

(b) an amorphous polyester and/or an amorphous polyester-polyamide, obtainable by polycondensing monomers 
compnsing. 50% by weight or more of an aromatic compound, 

wherein a weight ratio of the ciystaliine polyester to the amorphous polyester and/or the amorphous polyester-poiya- 
^IllJf;,'"^^^:'^^^ poVester/(amorphous polyester and/or amorphous polyester-polyamide). is from 1/99 to 50/50 

^^'°P*'°^°Sraphy of the present Invention comprises a resin binder comprising a crystalline 
polyester (Resin A) and an amorphous polyester and/or an amorphous polyester-polyamide (Resin B) as its main 
components. A total amount of the crystalline polyester and the amorphous polyester and/or the amorphous polyester- 
polyamide in the resin binder is preferably from 50 to 100% by weight, more preferably from 80 to 100% by weight 
especially preferably 1 00% by weight. ^ weigni. 

[0008] The crystalline polyester used as Resin A is obtained by using monomers containing an alcohol component 
comprising a dihydnc or higher polyhydric alcohol, and a carboxylic acid component comprising a dicarboxylic or higher 
polycartDoxylic acid, an acid anhydride thereof, or an ester thereof. From the viewpoints of the softening point and the 
crystallinity of the resin, there can be used an aliphatic diol having 2 to 6 carbon atoms in an amount of 80% by mol 
or more, preferably from 90 to 100% by mol In the alcohol component, and fumaric acid in an amount of 80% bv mol 
or more, preferably from 85 to 100% by mol in the carboxylic acid component. The aliphatic diol having 2 to 6 carbon 
nS.^? TlTf 't^"^"!^' °'' S'y^o'- .2-propylene glycol. 1 .3-propylene glycol. 1 .6.hexanediol. neopentyl 

; • L^" ®" ^'S-Pentanediol. and the like. Among them, a,a)-linear alkylene glycols are preferable and 
1 ,4-butanediol are more preferable. / k cuic, omu 

clihydric alcohol whtoh may be used other than the aliphatic diol having 2 to 6 carbon atoms includes 
diethylene glycol, tnethylene glycol, 1 ,8-octanediol. 1 ,4-cyclohexanedimethanol. dipropylene glycol, polyethylene gly- 



2 



EP 1 126 324 A1 



15 



20 



col polypropylene glycol, polytetramethylene glycol, hydrogenated bisphenol A. and the like. Among them aliphatic 
aloms rp'riflrabte " ^"^^ condensates of the aliphatic diol havln'g 2 to sTa^l 

or higher polyhydric alcohol includes sort,itol. 1.2.3.6-hexanetetrol. 1 .4-sorbitan. pentaerythritol 
dipentaerythrto . tnpentaerythrrtol. 1 .2.4-butanetriol. 1.2.5-pentanetriol. glycerol. 2-methylpropahetriol. 2-methyl 

iom v.l!^° "TJ'""? ^^"'^♦^y'^'P^P-"^. 1.3,5-trihydroxymethylbenzene. and the like. Among them. 

? viewpoints of the softening point and the crystallinity of the resin, glycerol is preferable 
[0011] In addition, preferred dicarboxylic acids, acid anhydrides thereof, or esters thereof other than fumaric acid 
llLT^lnl^rl T°7^ acid, itaconic acid, glutaconic acid, phthalic acid, isophthalic acid, terephthalic acid, cy- 

acid of which substituent IS an alkyi group having 1 to 20 carbon atoms or an alkenyl group having 2 to 20 carbon 

«f ^-J^^^f "^'"i'^ and octylsuccinic acid; and derivatives thereof such as acid anhydrides thereof 
and alkyl(1 to 3 carbon atoms) esters thereof. 

?o?i "^^^ tricarboxylic or higher polycarboxylic acid, an acid anhydride thereof, or an ester thereof includes ' 
J>:, T.T:!T^'^°T f ^ 2.5.7-naphthaienetricarboxylic acid. 1 .2.4-naphtha enetrica^^Hc 

o^n; \'^^^''"»7«"'=«rt,oxylic acid 1 .2.5-hexanetricarboxylic acid. 1.3-dicarboxyl-2-methyl-2-,Sethylenecar^oxy7r^ 
^omJimif acrLmr^u Tl'- ^^^-('"-^y'^n^carboxyOmethane. 1 .2,7.8-octanetetracaLxylic acid pj- 

Ir^sJLT' ;h!^^^^^^ ?K ■ T ^^^^^^'^^^ ^"''h as acid anhydrides thereof and alkyK^to 3 ca^on 

[0013] In the present invention, in order to fomi a non-linear polyester as the crystalline polyester it is desired that 

and?J::S''^r r:""""' ^^•^^^'^ ^^"^ ^-up consisTmg of tri^for highefpo "hydl 

alcohols and tncarboxylic or higher polycarboxylic acids, acid anhydrides thereof, or esters thereof, are contained in 

.5 ' oZl hT ' r ^° w '''^'^'^'y '"^ 20% by mol. more preferably from 1 to wiby r^rd^l 

monomers used for polycondensation. an 

[0014] The polycondensation of the alcohol component and the carboxylic acid component can be carried out for 
^'k °' ^20« to 250-C. preferably 150-C or more and preferably 21 o4 o 

rTn'rrJJ^JT !f f^°f "='"9 esterif ication catalyst and a polymerization inhibitor as occasion demands 
Concretely, in order to enhance the strength of the resin, the entire monomere may be charged at once AltemativX 

or higher polyvalent monomers are added and reacted. 

[00151 In the present invention, the terni "crystalline" means that the ratio of the softening point to the maximum p ak 

tZrf "reftSSf "TJ: t?""'""' P°'"^P-^ temperature, is 0.9 or m^'aTless 

than 1.1. preferably from 0.98 to 1 .05. and the temr, "amorphous" means that the ratio of the softening point to the 

i^nor Ji!'''^^^'""^ ^ P°'"^ of preferably from 8S» to 150»C. more preferab V from 100- to 

to ?4S-a '"^"""'".P^^'^ temperature of heat of fusion of preferably from 77' to 150»C. more preferably from 90- 

40 [0017] The tetrahydrofuran -soluble component of the crystalline polyester has a number-average molecular weight 

tl'mTvlLcoS^ *° "'"^ *° '^"^ ^'^"P°'"^^ °' -9 re^sta'c" and 

S°lMh™!n corstalline polyester resin comprises two or more resins, it is desired that at least one, prBferably 
all, of the resins are crystalline polyesters described above. 

f?l?tL^h amorphous polyester and/or the amorphous polyester-polyamide Is used. In the present 

invention, the amorphous polyester is preferable, from the viewpoint of the fixing ability. 

^^n^L »Tl!f ^';^°'P!'°"« P°'y«f «r "^ed as Resm B is obtained by using monomers of known polyhydric alcohol com- 
mo?i , ^n^'^ f!^ '? components such as carboxylic acids, carboxylic acid anhydrides, and esters thereof, 
to 1 ^l^°oi TnLl^T T''^"?' ^"^'^"^^^ '° ^ '^^^"'^ ^^°'^^> oxide(average number of moles: 

2 2) ?2Ts?f hvdrL^^^^^^^^ \ P°'y°xypropylene(2.2)-2.2-bis(4-hydroxyphenyl)propane and polyoxyethylene 

tH;fi;hu ^ ^ ^ ^ ^'^''"'''^"^^ ^*^y'®"^ 9'y°°'' P^Py^ne glycol. neopentyl glycol, glycerol, pentaerythritol 

mS ^^rofH!,' '^y''™9«"««!?,'''«P»^«"°' A. sorbitol, and alkylene(2 to 3 carbon atoms) oxide(average numbe o 
r00221 n IddJi „" tK J'^^^; P°^^yd^'- components can be used in admixture of two or more kinds. 

S.?? i J^hl 1 ' i ! polycarboxylic acid component includes dicarboxylic acids such as phthalic acid. Isophthalic 
h«ltn t« on r ' ^^''^ ^"^ '"^'^''^ ^^''^^ ^ substituted succinte acid of which substituent Is an alkyI group 

SlsuJL Lie Lid'^r V" '""'"3 ' ^° '° ^"'^'^ dodecenylsuccinicicid anS 

?r?o B^on^ T^^"""" ^""^ "^"^'^^^^^^ ^"^^ ^'^'d anhydrides thereof and alkyI 

(1 to 8 carbon atoms) esters thereof. These polycarboxylte acid components can be used in admixture of two or moVe 
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kinds. 

[0023] In addition, in tlie preparation of the annorphous polyester-polyamide, in addition to the above potyhydric 
alcohol component and the polycarboxylic acid component, in order to fonn an amide component, there are further 
added polyamines such as ethylenediamine, pentamethylenediamine, hexamethylenediamine, diethylenetriamine, im- 
inobispropylamine, phenylenediamine, xylylenediamine and triethylenetetramine; aminocarboxylic adds such as 
6-aminocaproic acid and e-caprolactam; amino alcohols such as propanolamine; and the like. Among them, hexame- 
thylenediamine and e-caprolactam are preferable, 

[0024] The amorphous polyester and the amorphous polyester-polyamide can be prepared in the same manner as 
In the crystalline polyester. 

[0025] In the present invention, as monomers for the amorphous polyester and the amorphous polyester-polyamide. 
monomers containing an aromatic compound in an amount of 50% by weight or more, preferably from 60 to 95% by 
weight, are used. By using these monomers, since the basic structure of the crystalline polyester of Resin A is different 
from that of the amorphous polyester and/or the amorphous polyester-polyamide of Resin B. the properties of the 
crystalline polyester of Resin A can be maintained, without making Resin A compatible with Resin B when kneaded 
during the toner preparation. 

[0026] Preferable aromatic compounds as raw material monomers for the amorphous polyester and the amorphous 
polyester-polyamide include trimellitic acid and derivatives thereof; isophthalic acid, terephthalic acid and derivatives 
thereof; alkylene oxide adducts of bisphenol A; phenylenediamine and xylylenediamine; and the like. 
[0027] It is preferable that each of the amorphous polyester and the amorphous polyester-polyamide has a softening 
point of from 70* to 1 SO^C, a maximum peak temperature of heat of fusion of from 50*» to 85«C. a glass transition point 
of 45* to 80*»C, and a weight percentage of components insoluble to chlorofomn Is from 0 to 50% by weight, respectively. 
When the amorphous polyester and/or the amorphous polyester-polyamide each comprises two or more resins, it is 
desired that at least one, preferably all. of the resins Is the amorphous polyester and/or the amorphous polyester- 
polyamide having the properties described above. From the viewpoints of establishing both the fixing ability and the 
blocking resistance, it is more preferable to use a mixture of a resin having a softening point of from 95* to 180'C and 
a glass transition point of 50* to 80*C (Resin a), and a resin having a softening point of from 70* to 125*C and a glass 
transition point of 45* to 60*C (Resin b), and that its mixing weight ratio, i.e. Resin a/ Resin b, is from 50/50 to 95/5. 
Here, the glass transition point Is a property inherently owned by the amorphous resin and refers to the temperature 
of an intersection of the extension of the baseline of not more than the glass transition point and the tangential line 
showing the maximum inclination between the kickoff of the peak and the top of curves. 

[0028] The weight ratio of the above crystalline polyester to the amorphous polyester and/or the amorphous poly- 
ester-polyamide, i.e. crystalline polyester/(amorphous polyester and/or amorphous polyester-polyamide), is 1/99 or 
more, from the viewpoint of the lowest fixing temperature, and the weight ratio is 50/50 or less, from the viewpoint of 
preventing hot offset. The weight ratio is preferably from 5/95 to 40/60, especially preferably from 10/90 to 30/70. 
Incidentally, the crystalline polyester, the amorphous polyester, and the amorphous polyester-polyamide may be each 
be an independent resin, or a mixture of two or more resins. 

[0029] It is preferable that the toner for electrophotography of the present invention may further comprise at least 
one wax. The wax includes natural waxes such as camauba wax and rice wax; synthette waxes such as polypropylene 
wax, polyethylene wax and Fischer-Tropsch wax; petroleum waxes such as montan wax; alcohol waxes; ester waxes; 
and the like. These waxes can be used alone or in admixture of two or more kinds. Among them, carnauba wax! 
polypropylene wax and Fischer-Tropsch wax are preferable, from the viewpoint of the compatibility with the resin binder! 
[0030] It is desired that the melting point of the wax is lower than the softening point of the crystalline polyester by 
10*C or more, preferably by 10* to 50*C, provided that when two or more crystalline polyesters are contained, the 
softening point to be compared is the softening point of the crystalline polyester having the lowest softening point. The 
content of the wax is preferably from 0.5 to 1 0 parts by weight, based on 1 00 parts by weight of the resin binder. 
[0031 ] Further, the toner for electrophotography of the present invention can contain in appropriate amounts additives 
such as colorants, charge control agents, releasing agents, electric conductivity modifiers, extenders, reinforcing fillers 
such as fibrous substances, antioxidants, anti-aging agents, fluidity Improvers, and cleanability improvers. 
[0032] As the colorants, all of the dyes and pigments which are used as conventional colorants for toners can be 
used, and the colorant includes cartoon blacks, Phthalocyanine Blue, Pemnanent Brown FG, Brilliant Fast Scariet, 
Pigment Green B. Rhodamine-B Base, Solvent Red 49, Solvent Red 146, Solvent Blue 35, quinacridone. carmine 6b! 
disazoyellow. and the like. These colorants may be used alone or in admixture of two or more kinds. The content of 
the colorant is preferably from 1 to 10 parts by weight, based on 100 parts by weight of the resin binder. 
[0033] The toner for electrophotography of the present invention is preferably a pulverized toner, which can be pro- 
duced by a kneading-pulverization method, comprising, for instance, homogeneously mixing a resin binder, a colorant, 
and the like in a mixer such as a ball-mill, thereafter melt-kneading with a closed kneader or a single-screw or twin- 
screw extruder, cooling, pulverizing and classifying the product. Further, a fluidity improver and the like may be added 
to the surface of the toner as occasion demands. The weight-average particle size of th resulting toner Is preferably 
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from 3 to 15 nm. 

[0034] The toner for electrophotography of the present invention can be used alone as a developer, in a case where 
the fine magnetic material powder is contained. Alternatively, in a case where the fine magnetic material powder is not 
contained, the toner may be used as a nonmagnetic one-component developer, orthe toner can be mixed with a earner 
and used as a two-component developer. 

EXAMPLES 

[Softening Point] 

[0035] The softening point refers to a temperature corresponding to 1/2 of the height (h) of the S-shaped curve 
showing the relationship between the downward movement of a plunger (flow length) and temperature, namely a 
temperature at which a half of the resin flows out. when measured by using a flow tester of the "koka" type ("CFT- 
500D." manufactured by Shimadzu Corporation) in which a 1 g sample is extruded through a nozzle having a dice pore 
size of 1 mm and a length of 1 mm, while heating the sample so as to raise the temperature at a rate of 6»C/min and 
applying a load of 1 .96 MPa thereto with the plunger. 

[Maximum Peak Temperature of Heat of Fusion and Glass Transition Point] 

[0036] The maximum peak temperature of heat of fusion is detennined with a sample using a differential scanninq 
calonmeter ("DSC Model 210." manufactured by Seiko Instruments. Inc.), when the sample is treated by raising ite 
temperature to 200»C. cooling the hot sample at a cooling rate of 1 0«C/min. to 0«C. and thereafter heating the sample 
so as to raise the temperature at a rate of 1 0»C/min. The glass transition point refers to the temperature of an Intersection 
of the extension of the baseline of not more than the glass transition point and the tangential line showing the maximum 
» inclination between the kickoff of the peak and the top of curves. 

[Number-Average Molecular Weight of Tetrahydrofuran-Soluble Component] 

[0037] The number-average molecular weight is detemiined by using gel pemieation chromatography (sample con- 
centration: 0.5% by weight; eluent: tetrahydrofuran; flow rate: 1 ml/min.; temperature: 40»C- column- GMHLX/ 
G3000HXL (manufactured byTosoh Corporation); standard sample: monodisperse polystyrene). Here, a sample which 
IS prepared by placing 40 mg of resin powder and 1 0 ml of tetrahydrofuran in a 20-ml sample tube, stirring the mixture 
with a ball-mill at room temperature for 3 hours, and thereafter filtering the resulting mixture with a membrane filter 
(manufactured by Toyo RoshI K.K., 0.2 jim pore diameter) is used. 

[Weight Percentage of Components Insoluble to Chlorofonn] 

[0038] A 1 00 cc-glass bottle equipped with a screw cap is charged with 5 g of a resin powder, 5 g of "RADIOLITE 
#700" (manufactured by Showa Kagaku Kogyo K.K.) and 100 ml of chlorofonn. and the ingredients are stirred in a 
ball-mill at 25»C for 5 hours, to give a resin liquid mixture. Thereafter, the resin liquid mixture is subjected to pressure 
I A^^,'^" * ^^P®"" ^ "manufactured by Toyo Roshi Kalsha. Ltd.) which is evenly packed with 5 g of 

RADIOLITE. Subsequently, the solids on the filter paper are washed twtee with 100 ml of chloroform, and then the 
solids are subjected to drying. Further, a weight percentage of components insoluble to chloroform Is calculated ac- 
cording to the following equation: 

Weight Percentage of Insoluble Components (% by weight) = 

Weight (g) of Solids on Filter Paper - Weight of RADIOLITE (10 q) 

fg i — ^ X 100 
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(Melting Point of Wax] 

[0039] The melting point refers to a temperature of top of endothemiic peak obtained when measuring with a sample 
using a differential scanning calorimeter ("DSC Model 21 0," manufactured by Seiko Instmments. Inc.), when the sample 
S5 isheatedatarateof 10*C/mln. 
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Resrn Preparation Example 1 



[0040] A 5-lrter four-necked flask equipped with a nitrogen inlet tube, a dehydration tube, a stirrer, and a thermocouple 
was charged wrth raw materials shown in Table 1 , and the ingredients were reacted at 1 60-C for 5 hours Thereafter 
the temperature was raised to 200»C and reacted for 1 hour, and further reacted at 8.3 kPa for 1 hour The softeninq 
point the maximum peak temperature of heat of fusion, and the number-average molecular weight of tetrahydrofuran 
-soluble component of each of the resulting resins A to K (crystalline polyesters) are shown in Table 1 
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Resin Preparation Example 2 

[0041] A 5-liter four-necked f!ask equipped with a dehydration tube, a stirrer, and a thennocouple was charged with 
raw materials shown in Table 2 and 4 g of dibutyltin oxide, and the ingredients were reacted at 220*C for 8 hours, and 
5 thereafter further reacted at 8.3 kPa until a given softening point was reached. The softening point, the maximum peak 
temperature of heat of fusion, the glass transition point, the content of the aromatic compound In the raw materials 
and the weight percentage of components insoluble to chlorofonn of each of the resulting resins a to k (amorphous 
polyesters) are shown in Table 2. 
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Notes from Table 2: 



5 



1) 



Propylene oxide adduct of bisphenol A (average number of moles: 
2.2 moles) 

Ethylene oxide adduct of bisphenol A (average number of moles: 



2) 



10 



15 



Note) 



2.2 moles) 

Unless specified otherwise, the amount on the upper level is expressed in 
g, and the amount on the lower level is expressed in weight ratio. 



Examples 1 to 15 and Comparative Examples 1 to 4 

20 [0042] Resin binders with combinations and amounts shown in Table 3, a total amount of the binder resins being 
1 00 parts by weight, 5 parts by weight of a carbon black "MOGUL L" (manufactured by Cabot Corporation). 2 parts by 
weight of polypropylene wax "BISCOL 550P" (manufactured by Sanyo Chemical Industries. Ltd.; melting point 1 20*C), 
and 1 part by weight of a charge control agent "T-JT (manufactured by Hodogaya Chemical Co., Ltd.) were mixed 
with a Henschel mixer, and thereafter the resulting mixture was meft-kneaded with a twin-screw extruder The resulting 

25 molten kneaded mixture was subjected to pulverization and classification using a high-speed jet mill pulverizer-classifier 
Model "IDS-2" (manufactured by Nippon Pneumatic MFG. Co., Ltd.), to give a powder having a weight-average particle 
size of 8 [im. The pulverlzability at this stage was evaluated In accordance with the following evaluation criteria. The 
results are shown in Table 4. 

30 [Evaluation Criteria of Pulverlzability] 



O: powder having a weight-average particle size of 8 ^im is obtained without any problems. 
35 X : melting is caused in the course of pulverization, so that continuous pulverization cannot be carried out 

[0044] To 1 00 parts by weight of the resulting powder was added 0.5 parts by weight of a hydrophobic silica "R-972" 
(manufactured by Nippon Aerosil), and mixed with a Henschel mixer, to give a toner. 

40 Examples 16 to 18 

[0045] The pulverlzability was evaluated in the same manner as in Example 1 . except for preparing a toner using 
resin binders with combinations and amounts shown in Table 3, a total amount of the binder resins being 1 00 parts by 
weight, to give a toner, and using carnauba wax "Camauba Wax" (imported by K.K. Kato Yoko, melting point: 83.6*C) 
4s in Examples 1 6 and 1 7, or Fischer-Tropsch wax "Sazole Wax SP-1 05" (manufactured by Sazole, melting point: 1 05*C) 
in Example 1 8 in place of the polypropylene wax, the wax being used in an amount of 2 parts by weight. 



[0043] 



Table 3 



50 



Resins and Amounts Used (Parts by Weight) 



55 



Example 1 
Example 2 
Example 3 
Example 4 
Example 5 
Example 6 
Example 7 



Resin A/1 0 Resin a/60 

Resin B/20 Resin a/60 

Resin C/20 Resin b/60 

Resin D/30 Resin a/50 

Resin E/40 Resin c/40 

Resin F/30 Resin a/50 

Resin G/15 Resin a/50 



Resin d/30 
Resin e/20 
Resin d/20 
Resin e/20 
Resin d/20 
Resin /20 
Resin e/35 
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Table 3 (continued) 



10 



15 



20 



25 



Resins and Amounts Used (Parts by Weight) 



Example 8 


Resin H/20 


Resin a/60 


Resin cl/20 


Example 9 


Resm 1/25 


Resin a/50 


Resin d/25 


Pxamnle 1 0 


Refiln J/Pn 


Resin a/60 


Resin d/20 


Example 11 


Resin E/15 Resin F/15 


Resin a/50 


Resin d/20 


Examole 12 


Resin A/15 


Resin b/55 Resin c/15 Resin d/15 


Example 13 


Resin A/10 


Resin f/90 


Example 14 


Resin 1/1 0 


Resin f/90 


Example 1 5 


Resin 1/10 


Resin g/90 


Example 1 6 


Resin 1/10 


Resin t/90 


Example 1 7 


Resin 1/10 


Resin f/70 


Resin j/20 


Example 18 


Resin 1/10 


Resin f/70 


Resin J/20 


Comparative 


Resin /V70 


Resin 


a/30 


Example 1 








Comparative 


Resin E/40 


Resin 


k/60 


Example 2 








Comparative 


Resin K/10 


Resin 


g/90 


Example 3 








Comparative Example 4 




Resin a/60 


Resin d/40 



30 



55 



Test Example 1 

[0046] To 4 parts by weight of each toner was added and mixed 96 parts by weight of silicon-coated ferrlte carrier 
having an average particle size of 90 p.m (manufactured by Kanto Denka Kogyo Co., Ltd.). to give a developer. Next, 
the resulting developer was loaded in a modified apparatus of a copy machine "AR-505" (manufactured by Sharp 
Corporation) at a printing rate of 50 sheets/minute. By sequentially increasing the fixing roller temperature from 90** to 
240*C, the fonned images were developed to determine the lowest fixing temperature and the hot offset generating 
temperature by the following methods. The results are shown in Table 4. 

(1) Lowest Fixing Temperature 



[0047] The lowest fixing temperature used herein referred to the temperature of the fixing roller at which the fixing 
ratio of the toner exceeded 70%. This fixing ratio of the toner was determined by placing a load of 500 g on a sand- 
40 rubber eraser (LION No. 502) having a bottom area of 15 mm x 7.5 mm on a fixed toner image obtained in the fixing 
device, moving the loaded eraser on the Image backward and forward five times, measuring the optical reflective 
density of the image before or after the eraser treatment with a reflective densitometer "RD-915" manufactured by 
Macbeth Process Measurements Co., and then calculating the fixing ratio by the following equation. 



45 



Fixing Ratio = Optlcal Density After Eraser Treatment 
^ Optical Density Before Eraser Treatment 



(2) Hot-Offset Generating Temperature 



so [0048] Fixed images were developed at each temperature, and subsequently blank Image-transfer paper was con- 
veyed through the fixing roller under the same conditions as above. The "hot offset generating temperature" is referred 
to a temperature of the fixing roller at which toner dusts were initially generated on the blank paper 

Test Example 2 

55 

[0049] A 1 00-ml glass bottle was charged with 1 0 g of each toner, and allowed to stand under the following conditions 
for 24 hours. The blocking resistance was evaluated in accordance with the following evaluation criteria. The results 
are shown in Table 4. 
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Condftions A: temperature: 50**C, relative humidity: 50% 
Conditions B: temperature: 50^C, relative humidity: 90% 

[Evaluation Criteria] 

5 

[0050] 

O: completely no blocking being observed under both Conditions A and B; 
A: blocking being observed only under Conditions B; 
10 X: blocking being observed under both conditions A and 6. 

Test Example 3 

[0051] To 4 parts by weight of each toner was added and mixed 96 parts by weight of silicon-coated ferrite carrier 
'5 having an average particle size of 90 jim (manufactured by Kanto Denka Kogyo Co., Ltd.). to give a developer. Next, 
the resulting developer was loaded in a modified apparatus of a copy machine "AR-505" (manufactured by Sharp 
Corporation) at a printing rate of 50 sheets/minute, and 21 0 mm x 297 mm (A4 size) original sheet having a blackened 
proportion of 5% was subjected to 300000-sheets continuous printing. During the continuous printing, a small amount 
of toner was sampled after printing 1000 sheets (printing at start) and at the termination of the continuous printing (after 
20 durable printing). The trlboelectric charges of the toner was detemrilned by "q/m meter" (manufactured by Epping), and 
at the same time the contamination of the photoconductor after the termination of the continuous printing was visually 
examined. The results are shown In Table 4. 



Table 4 



25 


Ex. No. 


Pulverizabillty 


Lowest 
Fixing 
Temp. 

rc) 


not Oiiset 
Generating 
Temp. CC) 


D locking 
Resistance 


Triboelectrtc Charge 
(fiC/g) 


Contamination 
of 

Photoconductor 


30 












Printing at 
Start 


After 
Durable 
Printing 






1 


O 


160 


240< 


0 


-22.3 


-19.8 


None 


35 


2 


O 


140 


240< 


A 


-23.5 


-20.1 


None 


3 


O 


130 


240< 


0 


-23.1 


-20.5 


None 




4 


O 


130 


240< 


0 


-23.0 


-20.5 


None 




5 


O 


120 


240< 


0 


-22.5 


-19.5 


None 




6 


O 


130 


240< 


0 


-22.6 


-19.5 


None 


40 


7 


O 


140 


240< 


0 


-23.1 


-19,9 


None 




8 


O 


150 


240< 


A 


-23.3 


-20.4 


None 




9 


O 


140 


240< 


0 


-22.9 


-20.3 


None 




10 


O 


160 


240< 


0 


-21.9 


-19.5 


None 


45 


11 


o 


160 


240< 


0 


-22.0 


-19.4 


None 


12 


o 


160 


240< 


0 


-23.3 


-20.2 


None 




13 


o 


160 


240< 


0 


-22.5 


-19.4 


None 




14 


o 


160 


240< 


0 


-23.3 


-19.9 


None 




15 


o 


160 


240< 


0 


-23.4 


-20.1 


None 


SO 


16 


o 


140 


240< 


0 


-22.0 


-19.8 


None 




17 


o 


120 


240< 


0 


-22.2 


-20.0 


None 




18 


o 


120 


240< 


0 


-23.5 


-20.4 


None 




Comp, Ex. No. 
































55 


1 


X 


140 


160 


0 


-16.5 


-14.0 


None 




2 


o 


140 


180 


X 


-18.5 


-11.1 


Filming Is 
generated 
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Table 4 (continued) 



Ex. No. 


Pulverizability 


Lowest 
Fixing 
Temp. 


Hot Offset 
Generating 
Temp. CO 


Blocking 
Resistanc 


Triboelectric Charge 
(^iC/g) 


Contamination 
of 

Photoconductor 


Comp. E 


X. No. 




3 
4 


X 

O 


130 
190 


190 

240< 


X 

O 


-17.2 
-23.3 


-9.3 
-20.1 


None 
None 


Note 


: <;4U< means that no offset is generated at 


240»C. 









[0052] It IS clear from the above results that all of the toners of Examples 1 to 1 8 are low in the lowest fixing temper- 
ature and excellent in both the offset resistance and the blocking resistance, so that excellent triboelectric chargeability 
can be maintained even after durable printing, without causing contamination of the photoconductor On the other 
hand, in.the case of the toner of Comparative Example 1 where the crystalline polyester is contained in a large amount 
the pulverizability is poor, the viscosity during melt-kneading is low. and the dispereion of the charge control agent 
becomes poor, so that sufficient triboelectric charges cannot be obtained. In the case of the toner of Comparative 
Example 2 where the amorphous polyester having a low content of the aromatic compound in the monomers used is 
contained, since the compatibility of the resins themselves are high, a part of the crystalline polyester undesirably 
becomes amorphous, so that the resulting toner is poor In the blocking resistance, whereby filming on the photocon- 
ductor is generated. Also, in the case of the toner of Comparative Example 3 where the crystalline polyester has a low 
softening point, the blocking resistance and the pulverizability are poor even though contamination of the carrier is not 
observed, and the lowering of the triboelectric charges after durable printing is remarkable. In the case of the toner of 
Comparative Example 4 containing two kinds of amorphous polyesters are contained, without containing a crystalline 
polyester, the low-temperature fixing ability is poor. y»««ifiB 
[0053J According to the present invention, there can be obtained a toner for electrophotography which is excellent 
in the low-temperature fixing ability, the offset resistance, the blocking resistance, and the pulverizability. and capable 
of maintaining a high level of triboelectric charges for a long period of time, without causing the contamination of the 
photoconductor. 



Claims 



A toner for electrophotography comprising a resin binder comprising as its main components: 

(a) a ciystalline polyester having a softening point of from 85° to 150»C, obtainable by polycondensing an 
alcohol component which comprises 80% by mol or more of an aliphatic diol having 2 to 6 carbon atoms and 
a cartsoxylic acid component which comprises 80% by mol or more of fumaric acid; and 

(b) an amorphous polyester and/or an amoiphous pblyester-polyamide, obtainable by polycondensing mon- 
omers compnsing 50% by weight or more of an aromatic compound, 

wherein a weight ratio of the crystalline polyester to the amorphous polyester and/or the amorphous polyester- 
polyamide, i.e. crystalline polyester/(amorphous polyester and/or amoiphous polyester-polyamide), Is from 1/99 
to 50/5.0. 

The toner according to claim 1 . wherein the crystalline polyester is obtainable by polycondensing monomers com- 
prising 0.1 to 30% by mol of trivalent or higher monomers selected from the group consisting of trihydric or higher 
polyhydnc alcohols and tricarboxylic or higher polycariaoxyiic acids, acid anhydrides thereof, or esters thereof. 

The toner according to claim 1 or 2. wherein the amorphous polyester has a softening point of from 70" to 1 80-C 
and a glass transition point of from 45" to 80*C. ' 

The toner according to any of claims 1 to 3, further comprising at least one wax of which melting point is lower 
than the softening point of the crystalline polyester by lO'C or more. 
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